This investigation estimated the anti-oxidative potential of Aloe barbadensis gel extracts in rats against alcohol-induced oxidative stress. Thirty male albino rats (5 each per group) were included in the experiments. Group A (positive control) and B (negative control) were administered 4 mg.kg -1 body weight distilled water and 50 % alcohol respectively for 21 days. Groups C and D were administered 50 % alcohol for the first 14 days followed by co-administration of 125 mg and 250 mg.kg -1 body weight extract with alcohol respectively for the last 7 days. Groups E and F were administered distilled water for the first 14 days followed by co-administration of 125 and 250 mg.kg -1 body weight Aloe barbadensis gel extracts with distilled water respectively for the last 7 days. The administration of alcohol resulted in a significant (P < 0.05) decrease in the specific activities of superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR) and reduced glutathione (GSH) levels, while cholesterol (CHO), triglycerides (TAG), nitric oxide (NO) and malondialdehyde (MDA) concentrations were significantly increased when compared to the controls. Co-mobilization with Aloe barbadensis gel extracts for 7 days significantly reversed the deleterious effects of alcohol in the treated groups when compared to the alcohol group. This study indicated that Aloe barbadensis probably possesses anti-oxidative effects against alcohol-induced oxidative stress in rats.
Free radicals are atoms with unpaired electrons in excited states which lead to further generation of more reactive oxygen species (ROS) and reactive nitrogen species (RNS) by chain reaction resulting in oxidative stress which has been implicated in the pathophysiology of many chronic diseases [39, 40, 46] . Although the production of free radicals is a normal physiological process, imbalances between its production and antioxidants system could lead to oxidative stress with the perturbation of various biological membrane functions and structural changes [23, 52] .
Thus, there is a need for external antioxidant supplementation that could curb oxidative stress through the use of medicinal plants due to their therapeutic potentials.
Medicinal plants have gained tremendous interest of various researchers as an alternative, cheap and easily accessible regimen for the treatment of oxidative stress-related diseases [40, 42] . Despite this increased interest in the pharmacotherapeutic potentials offered by medicinal plants, only a few have received proper scientific scrutiny.
Thus, Aloe barbadensis can be rightly considered as a plant of interest [1, 7, 11, 26] .
Aloe vera (Aloe barbadensis Miller) is a perennial, succulent plant belonging to the Liliaceae family, which has been used as a source of food and medicine around the world for thousands of years [11, 40] . A. barbadensis is often referred to as a "healing" plant with the gel commonly used as an antioxidant gel in some industries [11, 26, 40] .
The plant consists of two parts, the outer green rind including the vascular bundles and the parenchyma containing the gel, which consists of different types of polysaccharides that are responsible for its therapeutic properties [1, 11, 26] . Various studies have revealed that A. barbadensis gel possesses many pharmaceutical activities, including: antimicrobial, anticancer, anti-diabetic, antiulcer, hepato-protective, free radical scavenging and immune-modulatory activities [1, 3, 7, 38] . To the best of our knowledge, the physiological functions, as well as the mechanism through which lyophilized A. barbadensis gel extract exerts its antioxidative effect on alcohol-induced oxidative stress in male albino rats, are yet unclear and there has not been any established validated therapeutic antioxidant drug against alcoholic liver diseases, except therapeutic management regime [11, 40] . This study was, therefore designed to estimate the anti-oxidative potential of A. barbadensis on alcoholinduced oxidative stress in male albino rats by comparing it with only positive/normal control group using specific activities of; superoxide dismutase (SOD), catalase (CAT), glutathione peroxidase (GPx), glutathione reductase (GR), as well as the concentrations of cholesterol (CHO), triglycerides (TAG), nitric oxide (NO), malondialdehyde (MDA) and reduced glutathione (GSH) in various tissues of animal models. 
MATERIALS AND METHODS

Plant collection and authentication
Extraction of aloe vera gel
The aloe vera plants were washed thoroughly with clean water, and then the inner parts (gel) of the leaves were removed into a clean container and blended using an electric blender. The blended gel was stored in a frozen state and lyophilized at Covenant University, Ota, Ogun State, Nigeria.
Experimental animals
The approval of the departmental animal ethical committee (FUNAAB-BCH) was obtained prior to the experiments. The rats were handled with care according to the guide for the care and use of laboratory animal's manuals [37] . Fifty-four male albino rats weighing between 180 and 250 g were purchased from the Department of Veterinary Medicine, Federal University of Agriculture, Abeokuta, Ogun State, Nigeria for this study. The animals were acclimatized for two weeks before the commencement of the experiments. They were housed in plastic cages with good ventilation and were supplied with standard pellets and clean water ad libitum.
A. barbadensis lethal dose (LD50) test
Aloe vera gel extracts LD50 was determined according to the method described by C h i n e d u et al. [9] . Three rats each were used for the 3 stages of the experiment. Lyophilized aloe vera gel (1500 mg.kg -1 body weight) was administered in the first stage and when no sign of toxicity or death was seen, the dose (3000 mg.kg -1 body weight) was given to another 3 rats and then was increased to 5000 mg.kg -1 body weight when no death or sign of toxicity was observed in the second stage. Again when no sign of toxicity or death was seen at the third stage (final stage) of testing, it was concluded that the LD50 of the extract was more than 5000 mg.kg -1 body weight and hence had a high degree of safety [9] .
Experimental design (Table 1)
Forty-five male albino rats weighing 180-250 g were first divided into two groups of 15 animals and 30 animals. Table below ). On the 22nd day, 30 animals (5 each per group) were sacrificed after an overnight fasting under a light anesthesia. Blood samples were then collected into clean plain tubes, allowed to stand and clot for 15 minutes and centrifuged at 3000 rpm for 10 minutes to obtain the serum using the refrigerated centrifuge (BK-THRI16, Biobase Industry Shandong). The rats were then dissected and some tissues (kidney, liver and stomach, brain, testes and heart) were excised for biochemical examination, using 10 % homogenate.
Biochemical assays
The malondialdehyde (MDA) concentration was determined according to the method of F r a g a et al. [17] . The nitric oxide (NO) level was assayed by using 
Statistical analysis
The results are presented as the mean ± standard error of the mean. The level of homogeneity among the groups were assessed using a one-way analysis of variance (ANO-VA). Where homogeneity occurred, the Duncan test was used to differentiate between the groups. All analyses were done using SPSS (Statistical Package for Social Science version 20.0) with P < 0.05 considered statistically significant (n = 5).
RESULTS
Aloe barbadensis acute toxicity test (LD50)
No sign of toxicity or death was observed at the three stages of the acute toxicity test of A. barbadensis (the rats were administered 1500 mg, 3000 mg and 5000 mg.kg -1
Table 1. The groups of rats and their treatment (A-F)
Groups /Treatment Groups
Distilled water for 21 days A 50 % Alcohol for 21 days B 50 % Alcohol (14 days) followed by alcohol + aloe vera (7 days) C (125 mg.kg -1 ) and D (250 mg.kg -1 )
Distilled water (14 days) followed by alcohol + aloe vera (7 days) E (125 mg.kg -1 ) and F (250 mg.kg -1 )
Fig. 1. Effects of A. barbadensis on MDA levels in alcohol intoxicated male albino rats
These data were expressed, as the mean ± SEM. The columns with different small alphabets at the top are significantly different at P < 0.05. Alcohol + aloe 125 mg-Alcohol + 125 mg.kg -1 body weight A. barbadensis;
Alcohol + aloe 250 mg-Alcohol + 250 mg.kg -1 body weight A. barbadensis (n = 5) body weight gel extracts respectively). Since no sign of toxicity or mortality was perceived at the maximum dose administered given, the LD50 of A. barbadensis is considered greater than 5000 mg.kg -1 body weight and hence has a high degree of safety [9] .
Effects of A. barbadensis on the lipid peroxide levels
The extent of oxidative damage by alcohol consumption was assessed by determining the malondialdehyde (MDA) concentration as an index of lipid peroxidation level in all tissues examined. Significant (P < 0.05) increases were observed in the serum, brain, liver, heart, kidney, testes and stomach when compared to the controls (Fig. 1 ). Co-treat- 
Effects of A. barbadensis on nitric oxide (NO) levels
Effects of A. barbadensis on reduced glutathione (GSH) levels
The endogenous non-enzymatic antioxidant status of the cell was assessed using the reduced glutathione (GSH) concentration as an index following alcohol administration in rats as depicted in figure 3. 
Fig. 3. Effects of A. barbadensis on GSH levels in alcohol intoxicated male albino rats
Alcohol + aloe 250 mg-Alcohol + 250 mg.kg -1 body weight A. barbadensis (n = 5)
Fig. 2. Effects of A. barbadensis on NO levels in alcohol intoxicated male albino rats
Effects of A. barbadensis gel extract on serum, hepatic and renal antioxidant enzymes
The cellular enzymatic antioxidant status of the animals was estimated using the specific activities of SOD, CAT, GPx and GR in the serum, liver and kidney ( Table 2 ).
Note that GR was not done in the serum in Table 2 . The effect of the extract at 250 mg.kg -1 body weight was not significantly different from that of the 125 mg.kg -1 body weight dose.
Effects of A. barbadensis gel extracts on the brain
and cardiac antioxidant enzymes. Table 4) . 
Effects of A. barbadensis gel extracts on testis and stomach antioxidant enzymes
Effects of A. barbadensis on serum and lipoproteins TAG concentration
Fig. 4. Effects of A. barbadensis on serum TAG, HDL-TAG and VLDL+ LDL-TAG levels in alcohol-intoxicated male albino rats
These data were expressed as the means ± SEM. Column with different small alphabets at the top are significantly different at p < 0.05. Alcohol + aloe 125 mg-Alcohol + 125 mg.kg -1 body weight A. barbadensis;
Fig. 5. Effects of A. barbadensis on serum cholesterol, HDL-cholesterol and VLDL + LDL-cholesterol levels in alcohol-intoxicated male albino rats
These data were expressed, as the means ± SEM. The columns with different small alphabets at the top are significantly different at P < 0.05. Alcohol + aloe 125 mg-Alcohol + 125 mg.kg -1 body weight A. barbadensis;
Alcohol + aloe 250 mg-Alcohol + 250 mg.kg -1 body weight A. barbadensis (n = 5) ence in the HDL-TAG and VLDL + LDL-TAG level when compared to the control. The A. barbadensis co-mobilized groups (C and D) showed a significant (p < 0.05) decrease in the serum TAG levels respectively when compared to the alcohol-treated group. However, the 250 mg.kg -1 body weight dose was more effective.
Effects of A. barbadensis on serum and lipoprotein cholesterol concentrations
The Our study further confirmed that administration of alcohol resulted in significant (P < 0.05) increments in the serum, hepatic and renal MDA and NO levels as well as a marked decrease in GSH concentrations when compared to the control and similar results have been reported by many authors [11, 15, 30, 41, 42] . These increased NO levels observed in this study might be due to inflammation which is seen in alcoholics as a result of inducible nitric oxide synthase (iNOS) that mediates the synthesis of proinflammatory cytokines such as IL-1, IL-2, IL-6, and TNF-α and in turn stimulate the synthesis of NO [35, 41] . Similarly, high levels of MDA as seen in the brain especially and other tissues might be due to the presence of easily peroxidizable fatty acids in their membranes [6] . The GSH depletion noticed in various examined organs of alcohol-intoxicated rats might be due to increased utilization of GSH for conjugation processes or the inability of the liver to synthesize it from its precursors [13, 46, 51] . 
CONCLUSIONS
The results obtained in this study indicate that A. barbadensis gel extracts attenuated the alcohol-induced oxidative stress in various organs by enhancing their antioxidative status and also possess the ability to reverse dyslipidemia induced by alcohol. It is of note that the two doses investigated have different way they modulate the parameters and the effects were not much different from each other; although 125 mg.kg -1 body weight of A. barbadensis appeared to be the therapeutic dose as far as this study was concerned. Therefore, Aloe barbadensis probably possesses the ability to alleviate alcohol-induced oxidative stress and dyslipidemia in experimental rats.
